Eleven mothers of 12 infants with human immunodeficiency virus type 1 (HIV-1) infection (all intravenous drug users) were followed throughout their pregnancies for evidence of clinical and immunological abnormalities. Intrauterine death occurred in one, growth retardation in 7/ 12 pregnancies. Moderate progression of HIV-l infection according to the Walter Reed Staging Classification was observed in 5/ 11 women during pregnancy. Two of them developed AIDS during follow up after delivery. Mean neopterin levels in the first , second and third trimester were significantly higher as compared to HIV-l seronegative pregnant women. Furthermore, concentrations of urinary neopterin increased significantly with the time of pregnancy in all HIV-1 seropositive women. Since higher urinary neopterin concentrations are predictive for more rapid disease progression in HIV infected patients the data may indicate that pregnancy increases the risk for developing AIDS. However, a possible influence of continuous drug use has to be considered.
Introduction
Pregnancy is considered to be a risk factor for the subsequent course of disease of mothers with human immunodeficiency virus type 1 (HIV-l) infection . However, the influences of pregnancy on HIV -1 infection are not well characterized (1, 2) . Several authors suggested a more rapid progression to AIDS or AIDS related complex in HIV infected women during pregnany (3, 4) . This phenomenon can possibly be ascribed to changes of cell-mediated immunity (5) .
Increased neopterin concentrations were demonstrated in HIV -1 antibody seropositive individuals and in patients with AIDS (6) . In HIV-l infection neopterin levels increase in parallel with progressive disease and correlate negatively with CD4 + / CD8 + T cell subset ratios (7) . There is a significant predictive value of urine and serum neopterin levels in HIV-1 infection (8, 9) , high levels being associated with more unfavourable prognosis.
In the present study we investigated a possible influence of pregnancy on urinary neopterin concentrations in HIV-l seropositive pregnant women.
Material and Methods
From June 1986 to the end of 1989, 7000 deliveries took place at the Department of Obstetrics and Gynaecology of the University of Innsbruck. Among these, 11 pregnant women (12 pregnancies, in one woman two consecutive pregnancies were followed) aged 21-32 years (median 26 years) who were HIV-1 antibody seropositive (Abbott-ELISA positive confirmed by Western blot and immunofluorescence test) were followed by serial urinary neopterin measurements. All women became infected with HIV-1 via needle sharing during intravenous drug use.
198 urinary specimens were collected and the neopterin content was determined by high pressure liquid chromatography (HPLC) as described (10) . Neopterin concentrations were rela ted to un nary creatmme to take physiological a lterations of urine concentrations into account. Sampling began on the day pregnancy was diagnosed and was continued until parturition and occasionally during the subsequent months (range 1-9 months). Urine samples of nine female nonpregnant HIV -1 seropositive intravenous drug users out of the same cohort were used as control group as well as neopterin values of HIV-1 seronegative pregnancies obtained in an earlier study (11) . Samples were frozen at -20 DC until measurement.
Mean values of serial measurements of each individual women were calculated for trimenons and used for further statistical evaluation.
For statistical comparison of grouped data, MannWhitney-U-test was app li ed. Values of individuals between trimenons were compared using W ilcoxon paired rank test.
Results
The 11 women studied gave birth to 12 children. The epidemiological and clinical data of the patients are shown in Table 1 . Intrauterine death was diagnosed during one pregnancy (patient no 1). The remaining children were delivered alive between 28 -42 weeks (median 40 weeks) of gestation. Intrauterine growth retardation occurred in 7/ 12 pregnancies. C hanges of urinary neopterin concentrations during gestation are depicted in Figure 1 . In HIV-1 seropositive non-pregnant and pregnant women neopterin levels were significantly higher (p < 0.01) compared to healthy HIV-1 seronegative non-pregnant women and to normal pregnant women. With the time of pregnancy neopterin further increased. The 3rd trimenon was associated with higher neopterin levels compared to the 1st (p < 0.01) and to the 2nd trimenon (p = 0.01) as well as to the non-pregnant control group (p = 0.050) . Mean neopterin concentrations in the first , second and third trimester were 451, 513, 613 Ilmol /mol creatinine, respectively. Postnatal values in our study did not differ from the levels obtained during the 3rd and 2nd trimenon (p > 0.1), but were higher than the neopterin levels in the 1 st trimenon (p = 0.038, Figure 1 ).
During pregnancy progression of HIV -1 infection according to the Walter Reed Staging Classification (WR) was observed in 5 of the 11 women studied ( 
Discussion
During pregnancy a depressed cellular immunity as determined by in vitro methods (12, 13) is well established . It was suggested that these influences on maternal immune responsiveness may account for an enhanced disease activity of several infectious diseases during pregnancy. Increased morbidity and mortality from a variety of viral diseases in pregnant women is a well known phenomenon (12, 14) . At present, it is unclear whether a possible influence on HIV-l infection may result from endogenous immunosuppression or hormonal interactions occurring during pregnancy (15) or whether allogeneic stimulation and release of specific cytokines is involved (16, 17) .
In the present study we found, consistent with a previous case report (18) , significantly raising neopterin concentrations in pregnant women with HIV-1 infections. The finding of elevated neopterin concentrations during HIV-l infection agrees with previous reports of raised neopterin levels in 80 -90% of HIV-l seropositive parenteral drug addicts and homosexuals compared to healthy seronegative controls (6). In our patients with HIV -1 infection, neopterin excretion showed a further increase with the time of pregnancy. The relative increase of neopterin was similar to HIV-l negative pregnant women compared to controls (11 , 19) .
Neopterin levels slightly decreased after gestation, however, they remained to be higher compared to values in the 1 st trimenon in contrast to HIV -1 negative subjects.
Rising neopterin levels in patients with HIV -1 infection are associated with an increased risk to develop AIDS (8, 9) . Large amounts of neopterin are released by macrophages during cell mediated immune activation (6, 10) . Thus, raised concentrations of neopterin indicate chronic immune activation in patients . Increased immune activation in pregnant women does not contradict diminished response of T lymphocytes to antigenic stimulation. In general it appears that reduced in vitro production of interferon-gamma by T-Iymphocytes is associated with increased immune cell activation in vivo (20) .
In our study, in 5/ 11 women we observed progression of HIV-l infection. According to the Walter Reed classification system progression to a higher category (e. g. stage 2 to stage 3) may occur simply on the basis of a decrease in CD4 lymphocyte count. Pregnancy itself may influence the CD4 lymphocyte count which may simulate disease progression in HIV -1 seropositives. However, it may contribute to disease progression as long as these changes are not completely reversible post partum. In 2 cases we observed major changes of the clinical presentation which further worsened during the subsequent follow-up after pregnancy. AIDS was diagnosed in both (1 Candida oesophagitis, 1 cerebral toxoplasmosis). The neopterin data indicate that immune activation and enhanced production of cytokines may contribute to immunodeficiency also in pregnancy (20) and to progression of HIV -1 infection. In some or most cases the effect of pregnancy may be at least partly reversible after delivery. However, it may be severe enough in a few cases to increase the susceptibility to opportunistic infections as it was seen in two of our individuals.
A possible relevant contribution of pregnancy to worsening the course of HIV-l infection may be indicated. However, the significance of this finding can only be demonstrated by more extended case control studies to evaluate a possible contribution of secondary influences on outcome of HIV -1 infection. All our patients were IVDUs, and an additional possible effect of iv-drug use in addition to pregnancy on the outcome has to be considered carefully.
